Abstract
Introduction
Fish is more prone to deterioration than chicken and red meat as it contains relatively high moisture content and other soluble non protein nitrogen substances. Freshness of fish is the most important and fundamental criterion for considering the quality of the final product. Quality and hygiene of any seafood products are dependent on the production chain: from the water used for cleaning the fish, handling of fish during filleting and freezing etc. In India, unlike marine fish, fresh water fish also fully marketed for consumption in fresh condition, irrespective of the quantity caught. Pangasius or basa catfish (Pangasianodon hypophthalmus) is one of world's fastest growing types of aquaculture species. The fish is in high demand in many parts of the country due to the absence of intramuscular bones, nutritional composition and excellent sensory properties. It is mostly sold in fresh, frozen or thawed fillets in seafood markets 1 . Fish is highly perishable as it contains higher moisture content and free amino acids. Hence, preserving its quality after harvesting is most important until it reaches the consumer or seafood industry. The demand for better quality processed food is ever increasing 2 . Ice storage of fish is the cheapest and most common preservative method that is very efficient. Chilled or iced preservation (0-2ºC) helps in delaying or reducing bacterial growth and prolonging the shelf life of fish. Lipid oxidation is one of the major factors affecting the quality of fish and fishery products. To retard or prevent the oxidative deterioration, antioxidants are added in food. The added antioxidants can maintain the quality and extend the shelf-life of foods 3 . The usage of synthetic antioxidants is restricted in several countries due to its undesirable effects on human health 4 . As a result the antioxidants from natural sources are getting more importance as they are presumed to be safe. In addition to that certain spices and herbs prolong the storage life of foods by inhibiting rancidity through their antioxidant activity or antimicrobial activity. Based on the above information, the present work was undertaken to study the effect of spice extracts on the quality of pangasius fish chunks during ice storage.
Materials and Methods
Preparation of spice extracts and fish chunk treated with spice extract Ginger (Zingiber officinale), mint (Mentha arvensis) and green chilli (Capsicum annuum) were purchased from local market at Cochin and washed with portable water. Then the spices were cut into small pieces and made into a paste by using mixer (Preethi Kitchen Appliances Pvt.Ltd, Himachal Pradesh, India). 20g of ground paste was taken and 100ml of potable water (20%) was added and boiled for 1 min. Then it was cooled and filtered. Filtrate was used for dip treatment. The concentration of spice extracts was selected based on the preliminary studies.
Pangasius
(Pangasianodon hypophthalmus) fish were procured from Aquafarm at Kodungalloor, Cochin. Fishes were kept in well iced condition and brought into the laboratory. Then, they were dressed and cleaned with potable water. After filleting, chunks (4-5 cm thickness) were made manually. Then, they were subjected to spice extracts (20%) dip treatment (concentration of the spice extract was selected based on the preliminary sensory analysis) for about 30 min. under refrigerated condition. Fish chunks treated with aqueous extract of ginger, mint and chilly were coded as TG, TM and TC respectively. Fish chunks without treated with spice extracts were kept as control (CO). After dip treatment the samples were drained and packed in polythene pouches. All the samples were stored in insulated ice boxes. In order to avoid the rapid melting of ice, the insulated boxes were kept at chill room (0-3°C).
Determination of antioxidant activity

DPPH
(2, 2-Diphenyl-1-picryhydrazyl) radical-scavenging activity of spice extracts were determined by the method of Yen and Wu 5 . Total phenolic content in the spice extract was estimated by the method of Singleton and Rossy 6 .
Physico-chemical analysis
Proximate composition was analyzed according to the method of AOAC 7 . pH of homogenized samples was measured using a calibrated glass electrode pH meter. Total volatile base nitrogen (TVB-N) was determined using the conway micro-diffusion method 8 . Peroxide value was determined according to the method of AOAC 7 . Thiobarbituric acid (TBA) value was determined as described by Tarladgis et al 9 . Fatty acid compositions was determined by the method of AOAC 7 . The total lipid was extracted from fish mince by the method of Folch et al. 10 Fatty acid composition analysis was performed using Gas Chromatograph (Varian, CP-3800) with a chrompack capillary column (25 m × 0.32 mm ID; 0.30µm film thickness) and a flame ionization detector.
Texture and colour analysis
Texture Profile Analysis (TPA) of fish chunks was measured using texture analyzer (Lloyd instruments LRX plus, UK) as described by Anderson et al. 11 Colour of fish chunks products were measured using a Hunter-Lab scan XE -Spectrocolorimeter (Hunter Associates Laboratory, Reston, USA.) at D-65 illuminant and 10° observer. 
Sensory analysis
The sensory attributes evaluated were appearance, color, flavour, texture and over all acceptability. Sensory panel consisting of six trained panelists were asked to assign a score of 1-9 as prescribed by Meilgaard et al 12 .
A high score (7-9) was given to product with no off-odors and a score below 5 was considered as unacceptable quality.
Results and Discussion
Antioxidant activity of spice extracts DPPH radical-scavenging activity has been used widely for the
The Indian Journal of Nutrition and Dietetics, Vol.54 (2) , April -June 2017 determination of primary antioxidant activity of pure antioxidant compounds in plant and fruit extracts and food materials 13 . In the present study, DPPH radical-scavenging activity showed highest activity in mint extract (89.61±0.30 %) followed by ginger extract (83.12±0.15%) and chilli extract (78.96±0.42). The Folin-Ciocalteu phenol reagent is used to estimate the crude amount of phenolic compounds. In the present study, among the antioxidant sources, mint extract showed highest phenolics content (87.33 ± 2.74 mg phenols/100g) followed by ginger extract (74.22 ± 0.52 mg phenols/100g) and chilly extract (74.56 ±0.56 mg phenols/100g).
Proximate composition and fatty acid profile of pangasius fish meat
In the present study, pangasius fish mince had 77.96±0.12% moisture, 16.58±0.35% protein, 2.59±0.1% lipid and 1.5±1.2% ash on a wet weight basis. The results from the study are in agreement with similar results observed for fresh pangasius fish muscle 15 . Proximate composition of fish is mainly determined by the species type, genetic characteristics, size, season and diet composition 16 . Fatty acid profile showed that, higher percentage of fatty acids present in the pangasius fish mince were saturated fatty acids (42.57%) followed by mono unsaturated fatty acids (40.11%) and poly unsaturated fatty acids (17.45%) which was similar to that observed by Men et al 17 for pangasius fish meat.
Changes in moisture, pH and TVB-N Moisture content influences the quality of the products. In general, the moisture content of all the samples showed an increasing trend during ice storage (Fig.1a) . pH has been used as an index of quality of fish and fishery products. In the present study pH showed significant (p<0.05) increase during storage (Fig.1b) . The increase of pH values during the storage period may be attributed to the production of basic compounds such as ammonia, trimethylamine as well as other biogenic amines by fish spoilage bacteria 18 . Total volatile base nitrogen content has been traditionally used as a quality indicator of fish and fishery products stored in ice. In the present study, TVB-N values showed increased trend during storage. However, fish chunks treated with mint extracts treatment showed preservative effect and significantly (p < 0.05) lowering the TVB-N levels compared to control (Fig. 1c) . The increase in TVB-N during storage is a consequence of liberation of basic compounds by microbial activity on protein and non-protein nitrogenous compounds 19 . A rejection limit of TVB-N values of 25 mg % has been proposed for fresh water fish 20 . Accordingly, none of the samples reached the rejection limit during chilled storage. 
Changes in Peroxide Value (PV) and TBARS
Peroxides are the primary products of lipid oxidation and play a central role in auto oxidation of lipids. The initial PV of fish sample was 3.57meq O 2 /kg of fat and it was increased to 11.67 meq O 2 /kg of fat in control. However, TG, TM and TC samples showed lower peroxide value than control (Fig 2a) . The present study indicated that the used plant extracts are effective at delaying lipid peroxidation in pangasius fish chunks during storage. It has been reported that phenolic compounds present in the plant extract prevent formation of fatty free radicals and thus delaying the onset of the autoxidative process in fat 4 . Results indicated that the PV of fish chunks kept under ice storage was within the standard specification value of 10 meqO 2 /kg accepted for oils and fats 21 .
The thiobarbituric acid reactive substance value was used to determine Changes in a (a) PV and (b) TBA values of pangasius fish chunks during ice storage content 22 . Results showed a significant (P < 0.05) difference in increases in the TBARS values during the storage period in the control. However, fish chunks treated with ginger extract (TG), mint extracts (TM) and chilly extract (TC) showed lower TBARS values than control (Fig 2b) . Kanatt et al 23 observed a strong antioxidant effect of mint leaf extract and the antioxidant potential of this extract was comparable to that of the synthetic antioxidant. A TBA value in the range 1-2 mg malonaldehyde/kg of fish sample is usually taken as the limit of acceptability 24 . Accordingly, TBA values in all the samples were within the acceptable limit throughout the storage period. 
Changes in colour of fish chunks
Colour of fish and fish products is most important because it indicates the quality and is also associated with freshness and flavour of a product 25 .
Changes in the instrumental colour values of pangasius fillet during chilled storage are depicted in Table I . At day 0 of storage, the entire sample exhibited highest colour values. The significant decreasing trend (p < 0.05) in L*-value (lightness) was observed in all the samples during storage. However, a*-value showed increased trend during storage. While the b*-value showed initially increased trend and there after decreased trend during storage. (Table I ). Devatkal et al 3 reported a reduction in the L*-value and an increase in a*-values due to addition of natural antioxidants in chicken patties.
Changes in textural properties of fish chunks
Texture is the sensory and functional manifestation of the structural, mechanical and surface properties of foods 26 . Generally, consumers prefer firm and elastic fish flesh. Hardness refers to the peak force during the compressive part of the test. Results showed that hardness decreased significantly (p<0.05) during ice storage (Table II) . The reduction in textural properties observed during ice storage may be related to the consequence of weakened connective tissue 27 . The hardness of the fish chunks treated with spice extracts was higher than control. Similar observations were also made by Ting ting et al 27 in crucian carp treated with rosemary extract. Changes in springiness, chewiness and Changes in overall acceptability of pangasius fish chunk during ice storage cohesiveness of pangasius fish chunks during ice storage are given in Table II . Springiness indicates the rate at which a deformed material recovers to its under formed condition after the deforming force is removed. Springiness decreased from 3.02 mm to 2.04 mm on the 15 th day for the control. Similar trend was also observed for TG, TM and TC samples. It indicated that fish muscle is losing its elasticity during storage. Chewiness represents the length of time required to masticate a solid food and it is defined as the product of gumminess and springiness. The value for chewiness decreased from 3.26 to 1.98 kgf.mm in control. Similar trend was also observed for TG, TM and TC samples. Decrease in chewiness indicates that fish meat becomes soft during storage. Viji et al 15 observed similar results for chilled and ice stored pangasius fish steak. Cohesiveness gives an indication of the sample to with stand the deformation during compression. Results showed that change in cohesiveness was not significant (p>0.05) in the control and spice extract treated sample during storage. This indicated that there was not much change in the internal bonding of fish meat.
Overall acceptability of fish chunks
The acceptability of fish and shell fish during chilled or frozen storage depends on the changes in their sensory attributes. The sensory score of 5 was considered as acceptable limit of fish chunks for human consumption 13 . The sensory score of both control and spice extract treated fish chunks showed that up to 3 rd day there was no significant difference (p<0.05) in overall acceptability of fish chunks. Afterwards a gradual decrease in overall acceptance was observed (Fig 3) . Results showed that fish chunks dipped in ginger (TG) and mint (TM) extracts scored higher score than the control. Sensory evaluation revealed that fish chunks had acceptability up to 9 th day. Reddy et al 
